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FAN MODULE AND MOTOR second piece of the bearing holder . Aspects of the embodi 
ment also include a printed circuit board coupled to at least 

CROSS - REFERENCE TO RELATED one of the frame or the bearing holder . Aspects of the 
APPLICATION embodiment also include the printed circuit board being 

5 configured to control the motor and having a radial dimen 
This application claims priority under 35 U.S.C. § 119 to sion that is smaller than a diameter of the hub . Aspects of the 

U.S. Provisional Application No. 63 / 025,674 , titled “ COM embodiment also include a diameter of the fan being at least 
PACT MOTOR DESIGN FOR HIGH EFFICIENT AXIAL / about 2.6 times larger than a diameter of the hub . Aspects of 
AXIAL COMPRESSOR FAN , " and filed on May 15 , 2020 . the embodiment also include the diameter of the hub being 
The contents of that application are hereby incorporated by 10 about 15 mm . Aspects of the embodiment also include the 
reference in their entirety . diameter of the fan being about 40 mm . Aspects of the 

embodiment also include the shaft being retained by the first 
FIELD OF THE INVENTION bearing at a first shaft end and retained by the second bearing 

at a second shaft end . Aspects of the embodiment also 
The present invention relates to fan modules and motors , 15 include the diameters of the first bearing holder end and the 

such as fan modules and motors for cooling computer second bearing holder end being the same . Aspects of the 
systems . embodiment also include the diameters of the first bearing 

holder end and the second bearing holder end being differ 
BACKGROUND ent . Aspects of the embodiment also include an inner diam 

20 eter of the stator being smaller than outer diameters of the 
FIG . 1 is a perspective view depicting a conventional fan first bearing and the second bearing . 

module 100 configured for cooling a computer system . The According to another embodiment , a fan motor is dis 
fan module 100 includes a frame 102. The fan module 100 closed . The fan motor includes a bearing holder having a 
further includes a fan 104 that rotates about an axis X of the first bearing holder end and a second bearing holder end . The 
frame 102. The fan 104 includes a plurality of blades 106 25 bearing holder has a first section with a first diameter that is 
that extend radially from a hub 108. A length L1 of the fan smaller than diameters of the first bearing holder end and the 
module 100 corresponds to the diameter of the fan 104. A second bearing holder end . The motor further includes a first 
length L2 of the fan module 100 corresponds to the diameter bearing retained by the bearing holder at the first bearing 
of the hub 108 of the fan 104 . holder end , and a second bearing retained by the bearing 

Conventional fan modules used for cooling computer 30 holder at the second bearing holder end . The motor further 
systems traditionally have a ratio L2 / L1 of about 0.6 . This includes a shaft retained by the first bearing and the second 
ratio is particularly true for conventional fan modules with bearing , and a stator surrounding the first section of the 
a 40 mm diameter fan . For example , for a 40 mm diameter bearing holder . 
fan 104 ( e.g. , L1 = 40 mm ) , the hub 108 has a diameter of Aspects of the embodiment include the bearing holder 
about 26 mm ( e.g. , L2 = 26 mm ) . This large ratio limits the 35 being formed of a first piece removably coupled to a second 
efficiency of the fan module 100 because a large area is piece . Aspects of the embodiment also include the first piece 
occupied by the hub 108 . being having the first bearing holder end , and the second 

Accordingly , there is a need for fan modules and motors piece having the first section and the second bearing holder 
for computer systems that have higher efficiencies . Aspects end . Aspects of the embodiment also include the first section 
of the present disclosure solve this and other problems . 40 being removably coupled to the second bearing holder end 

within the second piece of the bearing holder . Aspects of the 
SUMMARY embodiment also include a printed circuit board coupled to 

at least one of the frame or the bearing holder . The printed 
According to one embodiment , a fan module is disclosed circuit board is configured to control the motor and has a 

that includes a frame and a fan configured to rotate about an 45 radial dimension that is smaller than a diameter of the hub . 
axis of the frame . The fan has a hub with a plurality of blades Aspects of the embodiment also include the shaft being 
extending radially from the hub . The fan module further retained by the first bearing at a first shaft end and retained 
includes an electric motor configured to rotate the fan about by the second bearing at a second shaft end . Aspects of the 
the axis . The electric motor includes a bearing holder embodiment also include an inner diameter of the stator 
connected at a first bearing holder end to the frame and 50 being smaller than outer diameters of the first bearing and 
extending into the hub at a second bearing holder end . The the second bearing . 
bearing holder has a first section with a first diameter that is The above summary is not intended to represent each 
smaller than diameters of the first bearing holder end and the embodiment or every aspect of the present disclosure . 
second bearing holder end . The motor further includes a first Rather , the foregoing summary merely provides an example 
bearing retained by the bearing holder at the first bearing 55 of some of the novel aspects and features set forth herein . 
holder end , and a second bearing retained by the bearing The above features and advantages , and other features and 
holder at the second bearing holder end . The motor further advantages of the present disclosure , will be readily apparent 
includes a shaft retained by the first bearing and the second from the following detailed description of representative 
bearing , and a stator surrounding the first section of the embodiments and modes for carrying out the present inven 
bearing holder . 60 tion , when taken in connection with the accompanying 

Aspects of the embodiment include the bearing holder drawings and the appended claims . 
formed of a first piece removably coupled to a second piece . 
Aspects of the embodiment also include the first piece being BRIEF DESCRIPTION OF THE DRAWINGS 
the first bearing holder end , and the second piece being the 
first section and the second bearing holder end . Aspects of 65 The disclosure , and its advantages and drawings , will be 
the embodiment also include the first section being remov- better understood from the following description of embodi 
ably coupled to the second bearing holder end within the ments together with reference to the accompanying draw 
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ings . These drawings depict only embodiments and are , module 200 corresponds to the diameter of the fan 204. A 
therefore , not to be considered as limitations on the scope of length L4 of the fan module 200 corresponds to the diameter 
the various embodiments or claims . of the hub 208 of the fan 204 . 
FIG . 1 is a perspective view depicting a conventional fan Unlike the conventional fan modules described above 

module . ( FIG . 1 ) , the ratio of the diameter of the hub 208 ( i.e. , L4 ) 
FIG . 2 is a perspective view depicting a fan module , to the diameter of the fan 204 ( i.e. , L3 ) is less than 0.6 . More 

according to aspects of the present disclosure . specifically , the ratio L4 / L3 can be about 0.38 or smaller . For FIG . 3 is a cross - sectional view depicting a fan module , example , the fan module 200 with a fan 204 having a according to aspects of the present disclosure . diameter of 40 mm can have a hub 208 with a diameter of 
FIG . X is a semi - transparent side view depicting the 10 about 15 mm . This results in a ratio of L4 / L3 of about 0.375 . 

airflow through a conventional fan module . As a result , the fan module 200 has about a 25 % increase in FIG . 5 is a semi - transparent side view depicting the airflow rate by volume for similar 40 mm fans , as compared airflow through a fan module , according to of the to the fan module 100. The 25 % increase is significant present disclosure . efficiency for the same sized frame ( e.g. , frame 102 and 
DETAILED DESCRIPTION frame 202 in FIG . 1 ) . 

Referring to FIG . 3 , a cross - sectional view of the fan 
The various embodiments are described with reference to module 200 is illustrated , according to aspects of the present 

the attached figures , where like reference numerals are used disclosure . FIG . 3 includes the frame 202 and the fan 204 . 
throughout the figures to designate similar or equivalent 20 The fan 204 includes the plurality of blades 206 that extend 
elements . The figures are not drawn to scale , and they are radially from the hub 208. As described above , the fan 204 
provided merely to illustrate the instant invention . It should is configured to rotate about the axis X ' of the frame 202 . 
be understood that numerous specific details , relationships , Partially housed within the hub 208 is an electric motor 
and methods are set forth to provide a full understanding . 310 that is configured to rotate the fan 204 about the axis X ' 
One having ordinary skill in the relevant art , however , will 25 of the frame 202. The electric motor 310 includes a bearing 
readily recognize that the various embodiments can be holder 312 connected at a first bearing holder end 314 to the 
practiced without one or more of the specific details , or with frame 202. The bearing holder 312 extends into the hub 208 
other methods . In other instances , well - known structures or at a second bearing holder end 316. The second bearing 
operations are not shown in detail to avoid obscuring certain holder end 316 is free - standing , e.g. , not directly connected 
aspects of the various embodiments . The various embodi- 30 to the frame 202 of the hub 208. The diameter D1 of the first 
ments are not limited by the illustrated ordering of acts or bearing holder end 314 can be the same or different from the 
events , as some acts may occur in different orders and / or diameter D2 of the second bearing holder end 316 . 
concurrently with other ac or events . Furthe ore , not all The bearing holder 312 further includes a section 318 
illustrated acts or events are required to implement a meth- with a diameter D3 . As illustrated in FIG . 3 , the diameter D3 
odology in accordance with the present invention . 35 of the section 318 is less than the diameters D1 and D2 of 

Elements and limitations that are disclosed , for example , the first bearing holder end 314 and the second bearing 
in the Abstract , Summary , and Detailed Description sec- holder end 316 , respectively . 
tions , but not explicitly set forth in the claims , should not be The electric motor 310 further includes a first bearing 320 
incorporated into the claims , singly , or collectively , by retained by the bearing holder 312 at the first bearing holder 
implication , inference , or otherwise . For purposes of the 40 end 314 , and a second bearing 322 retained by the bearing 
present detailed description , unless specifically disclaimed , holder 312 at the second bearing holder end 316. A shaft 326 
the singular includes the plural and vice versa . The word extends from the first bearing 320 to the second bearing 322 
“ including ” means “ including without limitation . ” More- and is retained by the first bearing 320 and the second 
over , words of approximation , such as “ about , ” “ almost , " bearing 322. The shaft 326 extends longitudinally along the 
“ substantially , " " approximately , " and the like , can be used 45 axis X ' of the frame 202 and is configured to rotate about the 
herein to mean “ at , ” “ near , ” or “ nearly at , ” or “ within 3-5 % axis X ' . 
of , ” or “ within acceptable manufacturing tolerances , ” or any The electric motor 310 further includes a stator 328 that 
logical combination thereof , for example . surrounds at least part of the section 318 of the bearing 

With regards to the present disclosure , the terms “ com- holder 312. Because the stator 328 surrounds the section 318 
puting device ” or “ computing system ” or “ computer sys- 50 and not the first bearing holder end 314 and the second 
tem ” or “ computer ” refer to any electronically - powered or bearing holder end 316 , the inner diameter of the stator 328 
battery - powered equipment that has hardware , software , can be smaller than the outer diameter of the first bearing 
and / or firmware components , where the software and / or 320 and the second bearing 322. On the inside surface 330 
firmware components can be configured for operating fea- of the hub 208 are a plurality of magnets 332 that interact 
tures on the device . 55 with the stator 328 when the electric motor 310 is powered 

FIG . 2 is a perspective view depicting a fan module 200 , on to cause the fan 204 to rotate about the axis X ' of the 
according to aspects of the present disclosure . The fan frame 202 . 
module 200 includes a frame 202. The frame 202 can be The electric motor 310 can optionally include a printed 
configured to secure the fan module 200 within a computer circuit board 324 ( PCB 324 ) that is configured to control the 
system ( not shown ) . The fan module 200 further includes a 60 electric motor 310 during operation . For example , the PCB 
fan 204. The fan 204 is configured to rotate about an axis X ' 324 can have hardware , firmware , and / or software that is 
of the frame 202. The fan 204 includes a plurality of blades configured to control the operation ( e.g. , such as the speed ) 
206 that extend radially from a hub 208. Although five of the fan 204 to cool a computer system ( not shown ) that 
blades 206 are illustrated extending from the hub 208 , there includes the fan module 200. The PCB 324 has a radial 
can be more or less than five blades 206. Further , the 65 dimension that is smaller than the diameter L4 of the hub 
configuration ( size , geometry , etc. ) of the plurality of blades 208 so that airflow is substantially unrestricted by the PCB 
can vary from what is illustrated . A length L3 of the fan 324 within the fan module 200 . 
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Referring back to the bearing holder 312 , the diameter D3 made in accordance with the disclosure herein without 
of the section 318 being less than the diameters D1 and D2 departing from the spirit or scope . Thus , the breadth and 
of the first bearing holder end 314 and the second bearing scope of the present invention should not be limited by any 
holder end 316 , respectively , allows the overall diameter of of the above described embodiments . Rather , the scope of 
the hub 208 to be smaller . For example , a conventional fan 5 the invention should be defined in accordance with the 
module ( e.g. , fan module 100 ) does not have the section 318 following claims and their equivalents . 
with the smaller diameter D3 . Instead , any bearing holder in Although the invention has been illustrated and described 
the fan module 100 is a single , constant diameter along its with respect to one or more implementations , equivalent 
length . As a result of the section 318 with the smaller alterations , and modifications will occur to others skilled in 
diameter D3 , there is space savings that allows for a more 10 the art upon the reading and understanding of this specifi 
compact configuration within the hub 208 , which also cation and the annexed drawings . In addition , while a 
allows the hub 208 to be smaller ( e.g. , smaller diameter L4 ) . particular feature of the invention may have been disclosed 
Thus , there is more area for the plurality of blades 206 with respect to only one of several implementations , such 
within the same size frame 202 , which allows the plurality feature may be combined with one or more other features of 
of blades 206 to take up more overall area of the fan 204. For 15 the other implementations as may be desired and advanta 
example , the diameter L3 of the fan 204 can be at least about geous for any given or particular application . 
2.6 times larger than the diameter L4 of the hub 208. This The terminology used herein is for the purpose of describ 
relationship is based on the section 318 having a smaller ing particular embodiments only and is not intended to be 
diameter D3 than the diameters D1 and D2 of the first limiting . As used herein , the singular forms “ a , " " an , ” and 
bearing holder end 314 and the second bearing holder end 20 “ the ” are intended to include the plural forms as well , unless 
316 , respectively . Thus , where the fan 204 has a diameter L3 the context clearly indicates otherwise . Furthermore , to the 
of about 40 mm , the diameter L4 of the hub 208 can be , for extent that the terms “ including , ” “ includes , ” “ having , " 
example , about 15 mm . " has , " " with , ” or variants thereof are used in either the 

To allow assembly of the bearing holder 312 , the bearing detailed description and / or the claims , such terms are 
holder 312 includes a first piece 334 that is removably 25 intended to be inclusive in a manner similar to the term 
coupled to a second piece 336. The first piece 334 can " comprising . " 
include the first bearing holder end 314. The second piece Unless otherwise defined , all terms ( including technical 
336 can include the section 318 and the second bearing and scientific terms ) used herein have the same meaning as 
holder end 316. The first piece 334 being removably coupled commonly understood by one of ordinary skill in the art to 
to the second piece 336 allows the section 318 to be inserted 30 which this invention belongs . Furthermore , terms , such as 
between the stator 328 despite the diameters D1 and D2 of those defined in commonly used dictionaries , should be 
the first bearing holder end 314 and the second bearing interpreted as having a meaning that is consistent with their 
holder end 316 being too large to fit within the stator 328. In meaning in the coi of the relevant art and will not be 
one or more embodiments , the section 318 can further be interpreted in an idealized or overly formal sense unless 
removably coupled to the second bearing holder end 316 ; in 35 expressly so defined herein . 
which case , the second piece 336 can be separated into the What is claimed is : 
section 318 separate from the second bearing holder end 1. A fan module comprising : 
316 . a frame ; 
FIGS . 4 and 5 illustrate semi - transparent side views a fan configured to rotate about an axis of the frame , the 

depicting airflow through a conventional fan module 400 40 fan having a hub with a plurality of blades extending 
( FIG . 4 ) and a fan module 500 according to aspects of the radially from the hub ; and 
present disclosure ( FIG . 5 ) . The comparison between the an electric motor configured to rotate the fan about the 
illustration in FIG . 5 versus the illustration in FIG . 4 shows axis , the electric motor comprising : 
that the fan module 500 , according to aspects of the present a bearing holder connected at a first bearing holder end 
disclosure , produces higher airflow velocities than the fan 45 to the frame and extending into the hub at a second 
module 400 for the same form factor of ( e.g. , a 40 mm fan bearing holder end , the bearing holder having a first 
module ) . This is because the hub 508 diameter of the fan section with a first diameter that is smaller than 
module 500 in FIG . 5 is smaller than the hub 408 of the fan diameters of the first bearing holder end and the 
module 400 in FIG . 4 , which results in more airflow through second bearing holder end ; 
the fan module 500 than the fan module 400 . a first bearing retained by the bearing holder at the first 

Although primarily disclosed as having a single fan and bearing holder end ; 
motor , in one or more implementations , fan modules accord a second bearing retained by the bearing holder at the 
ing to the present disclosure can include two fans , as second bearing holder end ; 
illustrated in FIG . 5. For example , the fan module 500 in a shaft retained by the first bearing and the second 
FIG . 5 includes fans 504a and 504b . Contained within each 55 bearing , and 
of the fans 504a and 504b are electric motors ( not shown ) a stator surrounding the first section of the bearing 
that power the fans 504a and 504b . Between the fans 504a holder , 
and 504b can be another fan 504c that is connected to the fan wherein a diameter of the fan is at least about 2.6 times 
504a or 504b such that rotation of the fan 504a or 504b larger than a diameter of the hub . 
causes rotation of the 504c . Alternatively , the fan 504c can 60 2. The fan module of claim 1 , wherein the bearing holder 
be a static blade . Further , although described as fans , in one comprises a first piece removably coupled to a second piece . 
or more implementations , the configuration of the bearing 3. The fan module of claim 2 , wherein the first piece 
holder described herein can be applied to axial compressors . includes the first bearing holder end , and the second piece 

While various embodiments of the present invention have includes the first section and the second bearing holder end . 
been described above , it should be understood that they have 65 4. The fan module of claim 3 , wherein the first section is 
been presented by way of example only , and not limitation . removably coupled to the second bearing holder end within 
Numerous changes to the disclosed embodiments can be the second piece of the bearing holder . 
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5. The fan module of claim 1 , further comprising a printed 

circuit board coupled to at least one of the frame or the 
bearing holder . 

6. The fan module of claim 5 , wherein the printed circuit 
board is configured to control the motor and has a radial 5 
dimension that is smaller than a diameter of the hub . 

7. The fan module of claim 1 , wherein the diameter of the 
hub is about 15 mm and the diameter of the fan is about 40 
mm . 

8. The fan module of claim 1 , wherein the shaft is retained 10 
by the first bearing at a first shaft end and retained by the 
second bearing at a second shaft end . 

9. The fan module of claim 1 , wherein the diameters of the 
first bearing holder end and the second bearing holder end 
are the same . 

10. The fan module of claim 1 , wherein the diameters of 
the first bearing holder end and the second bearing holder 
end are different . 

11. The fan module of claim 1 , wherein an inner diameter 
of the stator is smaller than outer diameters of the first 20 
bearing and the second bearing . 
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